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SPECIFICATION 

Title of Invention 

Method for making cutouts in glass sheet 
Claims 

1 . A method for making cutouts in a glass sheet by imposing a score along a predetermined 
closed curve in one surface of a glass sheet with a cutter, where the method for making cutouts in 
a glass sheet is characterized by heating said glass sheet from the scored surface side of the glass 
sheet and cooling at least one surface, that is, the surface enclosed by said score, or the opposite 
surface of said glass sheet, 

2. The method within the scope of claims set forth in paragraph 1 , where the method is 
characterized in that after heating the scored surface of the glass sheet prior to cooling, the 
surface opposite to said scored surface is subjected to heating. 

3. The method within the scope of claims set forth in paragraph 1 or paragraph 2, which is 
characterized in that the temperature, to which said glass sheet is heated, is 50°C to 400°C. 

4. The method within the scope of claims set forth in Paragraph 1 , Paragraph 2, or 
Paragraph 3, wherein at least one surface, such as the surface enclosed by said score or the 
opposite surface of said glass sheet, is subjected to cooling by applying a chilling tool cooled in 
advance and having practically the same contour as the contour defined by said score. 

Detailed Explanation of the Invention 

[Field of Industrial Application] 

The present invention relates to a method for making cutouts in a glass sheet along a closed- 
curve contour. In particular, it relates to a method for making cutouts in glass sheets necessary in 
the production of disc-shaped glass substrates for information processing and recording having 
an internal perimeter and an external perimeter. 

[Prior Art] 

Glass substrates used in information processing and recording, such as optical recording, have a 
doughnut-like discoid shape having an internal perimeter and an external perimeter, In the past, 
the processing of the internal perimeter of such a glass substrate was based on a method, in 
which a glass sheet was secured on a supporting table, and the edge was subjected to grinding 
with a rotatingdiamond grinding stone using a core drill, and a method, in which several glass 
sheets were glued together with an adhesive to produce a block-shaped workpiece so as to 
subject multiple glass sheets to blanking at once. On the other hand, a method, in which, as 
described in Japanese Kokoku (Examined) Patent Application No. Sho 62[1 987]-47822,'a score 
was imposed in one side of a glass sheet and a hole was made in the glass sheet by cooling with a 
chilling tool moving along the score has been known as a method for making cutouts in glass 


• 


sheets. 

[Problems the Invention Seeks to Overcome] 

However, the method, in which the aforementioned glass sheets, one after another, are subjected 
to grinding using a diamond grinding stone, has the defect that the dimensions of the processed 
glass sheets gradually change due to the wear of the diamond grinding stone, which makes the 
processing dimensions unstable, and the defect that microscopic scratch-like defects are 
produced on the glass surface by the microfragments generated by grinding. On the other hand, 
although in the method, in which multiple glass sheets are glued together, the above-described 
scratching problem is eliminated, with the exception of the two glass sheets on the outside, the 
method had the defect that it required additional operations, such as gluing glass sheets together, 
separating them, removing the adhesive, and the like. 

On the other hand, although it permitted cutting out excellent blanks from glass sheets with a 
high degree of dimensional precision in accordance with predetermined shapes, the method 
described in Japanese Kokoku (Examined) Patent Application Sho 62[1 987]-47822 had the 
defect that the propagation of cracks was slow, and making cutouts in a large number of glass 
sheets within a short period of time was difficult. 

It is believed that in order to make cutouts in the production of glass substrates for information 
processing and recording, the dimensional precision of the diameter of the internal perimeter has 
to be ±0.1 mm or higher, damage to the glass surface has to be avoided, and a method is 
necessary that permits mass production, in other words, allows for the cutouts to be made within 
a short period of time. • . 

[Means for Overcoming the Problems] 

The present invention overcomes the defects of the prior-art methods used for making cutouts in 
glass sheets. It chiefly comprises a step, wherein a score is imposed in one side of a glass sheet 
by drawing a closed-curve line with a cutter, a step, wherein said glass sheet is heated from said 
scored glass surface, and a step, wherein glass in the portion enclosed by said score is cooled 
froni the scored surface side, or from the surface on the opposite side, or from both sides, and 
provides a method for making cutouts in glass sheets with high dimensional accuracy, without 
producing scratch-like defects on the glass surface, and, moreover, within a short time. 

When a glass sheet is heated from the side of the surface, in which a score constituted by a closed 
curve has been imposed, a temperature difference is generated between said scored surface and 
the opposite surface, and due to this temperature difference, the thermal expansion of the scored 
side in the glass surface direction becomes more pronounced than that of the opposite surface, 
with the glass sheet undergoing slight deformation which causes the scored surface to assume'a 
convex shape. Tension in the direction of the glass surface is generated in the scored section of 
the glass sheet, and a crack is produced, propagating almost instantly from the score as the 
starting point. Because said crack spreads in the above-described state, wherein a certain 
deformation of the glass sheet is present, it propagates slightly outward from the thickness 
direction of the glass. After that, the temperature of the glass section that is to be excised is 
lowered by cooling the glass surface of the portion enclosed by said crack, the opposite surface 


or both surfaces, thereby reducing its volume as a result of thermal contraction and widening the 
gap of the crack. Thus, the glass sheet subjected to excision is brought into a state that readily 
permits excision of a portion thereof, so that cutouts can be made either by applying an external Sr^ 
force or as a result of the cutout naturally falling out. ' ~- — f~ ~> 

^ 1 

The heating of said scored surface of the glass sheet may be carried out by heating said entire 
glass sheet as well as by heating only the portion of the surface outside said score. As a result of 
heating the scored surface, the crack penetrates inside almost to the full extent in the thickness 
direction; in order to cause the crack to penetrate to the full extent in the thickness direction, 
however, after heating from said scored surface, it is desirable to perform heating from the 
opposite side. Heating from the opposite surface may be carried out over the entire surface of the 
glass sheet, or only in the portion of the glass sheet enclosed by the generated crack. Here, the 
temperature, to which the glass sheet is heated, should preferably be within the range of from 
50°C to 400°C, and, especially preferably, within the range of from 1 00°C to 350°C. The 
temperature, to which the glass sheet is heated, is set in the most appropriate manner depending 
on the size of the glass to be cut out. From the standpo int of the shape of the cutout, treatment 
time, cooling after making a cutout in a glass sheet, and other factors, in case the thickness of the 
glass is 1.1 mm, the glass cutout is round in shape, and its diameter is relatively small, about 10 
mm to 1 5 mm, it is best to carry out heating at a relatively high temperature of 300°C to 350°C, 
and if the diameter is relatively large, such as 70 mm or so, it is best to carry out heating at a 
relatively low temperature of 100 °C to 1 50 °C. If the temperature, to which it is heated, is lower 
than 50°C, the speed of crack propagation, with the crack tending to be directed slightly outward 
from the closed-curve score as the starting point, as a result of which even when the glass section 
inside the crack is cooled, the glass section cannot be easily and quickly removed. On the other 
hand, while it is possible to make a cutout in the glass sheet by heating to 400 °C or more, it 
becomes difficult to uniformly heat the glass sheet. In particular, when the size of the glass sheet 
to be processed is large, cracks appear in the glass during cooling after making the cutout, which 
is undesirable. 

The cooling of the glass section to be excised can be realized by bringing in contact with said 
glass surface a chilling tool made of metal of excellent thermal conductivity, such as copper, 
brass, stainless steel, aluminum, or their alloys, and having a contour of practically the same size 
as the contour of the piece of glass to be excised. The cooling of the glass surface may be carried 
out from the scored side, from the opposite side, or from both sides at the same time. 

Hereinbelow, the present invention is explained in detail by referring to figures. 

As shown in FIG. 1 , concentric scores (2) have been imposed in one side of a glass sheet (1 ), 
which is round in shape, using a glass cutter, such as a steel wheel cutter, diamond cutter, and the 
like. As shown in FIG. 2, the glass sheet (1) is placed, with the side in which the score (2) has 
been imposed facing down, on a heater (5) preheated to a certain temperature and h avinp a disc- 
shaped^apiujeJiejt ^qualizing plateffl with a thickness of 8 mm having practically the same 
external and internal perimeter as the-glass sheet (1). When the heating of the glass sheet (1) 
begins, a crack (3) immediately starts quickly propagating through the glass sheet (1 ) in a 
direction normal to the glass surface with a slight outwkrd slant and stops right before reaching 
the other surface. Next, the heated side of the glass sheet (1 ) is again subjected to heating 
causing said crack to penetrate inside in the thickness direction of the glass sheet (1) and a piece 
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of glass can be removed as shown in FIG. 6 by lightly pressing, as shown in FIG. 5, with a brass 
disc-shaped chilling tool (6), whose thickness is 7 mm, whose diameter is slightly smaller than 
that of the glass section to be excised, and which is provided with a handle and is cooled in 
advance by bringing it in contact with dry ice, against the surface of the crack-enclosed glass 
section to be excised of the glass sheet (1) which has been penetrated by the crack, as shown in 
FIG. 4 (a). As for the time required for making a cutout in a glass sheet, for example, in case of 
cutting out a concentric round piece of glass with a diameter of 68 cm from a glass sheet with an 
external diameter of 300 mm and a thickness of 1.1 mm, the time from the start of the heating of 
the glass sheet to the moment when the crack pierces it is 10 seconds ~ 1 5 seconds, and the time 
from the start of cooling to the removal of the glass cutout is 2 seconds to 3 seconds. 

FIG. 7 shows an example of the cooling method using chilling tool (6). The tool is maintained in 
a cooled state by putting a block (7) of dry ice inside a plastic container (8) and then placing the 
chilling tool (6) on top of it. 

A glass sheet with a round external contour can be obtained by using the well-known method, 
wherein a score is imposed with a glasscutter in a rectangular glass sheet slightly larger than the 
diameter of said glass sheet. Usually, for the purpose of maintaining precise concentricity, it is 
preferable to impose score (2) shown in FIG. 1 simultaneously and using the same apparatus as 
for the score used for forming the external contour on the above-mentioned rectangular glass 
sheet. 

In the method of the present invention explained above, the external shape'of the glass is not 
specifically limited to a round shape, and the external shape of the glass cutout is not specifically 
limited to a round shape either. 

i .■ '. ■ 

[Operation] 

In the method of the present invention, heating the glass sheet from the said scored side glass, 
sheet causes a crack to rapidly grow from the score as the starting point due to the difference in 
the thermal expansion between the scored side of the glass sheet and the opposite side. Such 
heating from one side acts to orient the direction of crack propagation slightly outwardly from a 
direction normal to the glass surface. 

Next, heating the side opposite to the scored side in the same manner as the scored side acts to 
allows the growing crack to penetrate inside through the glass sheet in its thickness direction. As 
a result of the above-described heating, the piece of glass that is cut out has its boundaries 
defined by the external sides of the glass and the crack, with the crack coming close to the 
. external side of the glass sheet in a direction inclined at a slight angle to the thickness direction 
of the glass sheet. After that, application of the chilling tool to the surface of the glass section 
that is to be cut out causes this section to undergo thermal contraction, which acts to widen the 
gap of thexrack, making it possible to instantly remove the cutout portion as a result of a 
synergistic effect which is also due to the fact that, as described above, the direction of the crack 
is slightly inclined at an angle to the thickness direction. 


Application Examples 
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Application examples of the present invention are shown hereinbelow. 
A pplication Example 1 

Concentric scores were imposed in one side of a square glass sheet with a side of 320 mm and a 
thickness of LI mm using scriber equipped with a hard alloy wheel adjusted to produce an 
external diameter of 300 mm and internal diameter of 68 mm. A glass disk was made by, : 
manually breaking off the edge sections of the glass sheet along the external score. As shown in 
FIG. 2, the glass disk was placed, with its scored side facing down, on a heat-equalizing plate 
heated to 140 °C, causing the crack to propagate, whereupon heating was performed in the same 
manner by flipping the glass disk over. After visually confirming that the crack had penetrated in 
the thickness direction, as shown in FIG. 7, the glass section enclosed by the crack was easily 
removed by lightly pressing with a brass chilling tool furnished with a handle and having a 
diameter of 66 mm and a thickness of 7 mm/ which had been sufficiently cooled with dry ice, 
against the glass surface enclosed by the crack. The opening had an excellent surface without 
any chips, cracks, or protrusions. After washing the glass in an ultrasound washing apparatus, it 
was subjected to visual inspection using a 30 W luminescent lamp from- a distance of 30 cm, as a 
result of which no defects were observed on the glass surface. f 

Application Example 2 ■ ; 

A piece of glass defined by a score was subjected to excision in the same manner as in 
Application Example 1, except that the temperature, to which the heat-equalizing plate was 
heated, was 50 °C. Making the cutout was easily, as in Application Example 1 . The surface of 
the obtained opening was excellent, without any chips, cracks, or protrusions. After washing, 
inspection was carried out in the same manner as in Application Example 1 , confirming that no 
defects were observed on the glass surface. 

Application Example 3 

A piece of glass defined by a score was subjected to excision in the same manner as in 
Application Example 1, except that the internal diameter was 15 mm, the temperature of the 
heat-equalizing plate was 50°C, and the chilling tool was a brass disk with a diameter of 13 mm 
and a height of 20 mm. It was possible to cut the glass section inside the score by carrying out 
the cooling of the glass plate slowly. The surface of the obtained opening was excellent, without 
any chips, cracks, or protrusions. After washing, inspection was carried out in the same manner 
as in Application Example 1, confirming that no defects were observed on the glass surface. The 
inner opening in the resultant glass sheet had an excellent surface without any chips, cracks, or 
protrusions. After washing, as a result of the same inspection as in Application Exaniple 1,'no 
defects were observed on the glass surface. 

Comparative Example 1 

Concentric scores were imposed in one side of a square glass sheet with a side of 320 mm and a 
thickness of 1.1 mm using scriber equipped with a hard alloy wheel adjusted to produce an 
external diameter of 300 mm and internal diameter of 68 mm, the same as the one used in 
Application Example 1 . A glass disk was made by manually breaking off the edge sections of 
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the glass sheet along the external score. A chilling tool sufficiently cooled with dry ice, the same 
as the one used as Application Example 1, was applied to the portion of the glass disk enc losed 
by the score, as shown in FIG. 7. A crack started propagating from the score as the starting point, 
and it was visually confirmed that it had gone all the way through the sheet. However, 
application of pressure using the cooling tool was ineffective in removing the glass section inside 
the crack, which had to be removed by twisting the sheet. Multiple chips were produced on the 
surface of the resultant internal opening in the glass disk. 

Comparative Example 2 , 

A portion of glass inside a score was subjected to excision in the same manner as in Application 
Example 1, except that the internal diameter was 15 mm. Although the crack did penetrate inside 
in the thickness direction of the sheet, the portion of the glass enclosed by the crack could not be 


The method of the present invention allows for quick excision, from a glass sheet, of a portion of 
the glass sheet along a closed-curve contour without producing defects on the surface of the glass 
cutout, and with the resultant opening remaining in an excellent condition. This invention 
provides a method useful as a method for making cutouts in glass sheets for applications 
requiring characteristics such as nearly flawless surface, as well as a high processing speed, such 
as for glass substrates used in information processing and recording. 

Detailed Explanation of the Invention 

The figures show an application example of the present invention. FIG. 1 is a plan view of a 
scored glass sheet, FIG. 2, FIG. 4 are cross sectional views showing the heating of the glass sheet 
used in the present invention, FIG. 3 is a cross sectional view showing crack generation in a glass 
sheet due to heating shown in FIG. 2, FIG. 5 is a cross sectional view showing a state, in which a 
chilling tool is applied to a glass section to be cut out, FIG. 6 is a cross sectional view showing a 
state, in which a glass section to be excised is has been removed, and FIG. 7 is a cross sectional 
view showing an application example, in which a chilling tool is being cooled. 


removed. 


[Effects of the Invention] 
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Heat -equalizing plate. 

Heater. 

Chilling tool. 

Dry ice. 

Cooling box. 


Score. 
Crack. 


Glass sheet. 


